The Masaya Caldera Complex has been the site of three highly explosive basaltic eruptions within the 
12
Concepción facies to the south and Managua facies to the northwest. These two facies were previously 
29
While single eruptive episodes lasted for few hours, the entire eruption probable lasted weeks to 30 months. This is indicated by changes in atmospheric conditions and ash-layer surfaces that had 31 become modified during the breaks in activity. The Masaya Triple Layer has allowed to reconstruct in
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erosion has removed younger deposits (Fig. 2) . The MTL is separated from the underlying 144
San Antonio Tephra by a paleosol and an erosional unconformity. A yellowish massive 145 reworked tuffaceous deposit separates the MTL from the overlying Chiltepe Tephra in the 146
Managua area while the MTL is directly overlain by the Masaya Tuff in the south, with a 147 locally intervening erosional unconformity. 148
Both facies of the MTL consist of well-sorted black lapilli beds, coarse ash layers and grayish 149 indurated tuffs, some with desiccation cracks at the top. The well-sorted layers consist mostly 150 of juvenile scoria lapilli to coarse-ash and minor (~1-3 vol. %) lithic fragments mainly of 151 basaltic lava and rare gabbro. The scoria fragments vary from highly vesicular (up to 80 vol. 152 % vesicles) to dense juvenile lapilli (<5 vol. % vesicles; using the vesicularity index of 153
Houghton and Wilson, 1989) . The matrix of the scoriae varies from sideromelane with 154 abundant round vesicles through dark brown to black tachylite with rare irregularly shaped 155 vesicles ( Subunit B5 the thickest lapilli layer of the LCF and most distinctive by being composed of 172 fluidal-textured achnelith lapilli and ash (Fig. 6) . Hence it is a useful marker bed in all 173 outcrops. The total thickness of B5 decreases from 115 cm at 1 km south from the vent to 12 174 cm at 10 km, where it appears as a single thin layer of achnelith-shaped fine lapilli. In 175 proximal sections, where the well-sorted, black lapilli fallout is vaguely stratified by vertically 176 alternating grain size and interrupted by a thin light yellowish layer of fine ash, we distinguish 177 The tuff triplet B6, B8, B10 are also characteristic of the LCF and they thin rapidly 187 southwards away the caldera rim (Fig. 7) . The grayish indurated B6 tuff is in proximal 188 exposures composed of a lower fine-grained part with accretionary lapilli and an overlying 189 cross-bedded layer of fine lapilli to coarse ash. In medial exposures, this unit is condensed to 190 an indurated tuff with vesicular lapilli at the bottom and a laminated medium to fine ash layer 191 with scarce accretionary lapilli at the top. B10 is proximally stratified, poorly-sorted, coarse ash with dispersed lapilli at the base, fine to 198 medium ash with dune structures in the middle portion, and a highly indurated tuff at the top. 199
At medial exposures S or SE from the caldera rim, B10 consists of an indurated grayish cross-200 bedded tuff with coarse ash and fine lapilli at the bottom and a fine ash with accretionary 201 lapilli at the top (Fig. 7) . At distal exposures to the S and SW, it appears as a thin indurated 202 tuff with accretionary lapilli, slightly laminated at the bottom. 203 204
Managua facies 205 206
The Managua facies of the MTL north and northwest of the caldera consists of 10 layers (C1 207 to C10), 7 of them are scoria lapilli to coarse-ash layers and the others are tuffs (Fig. 8, table  208 2). No outcrops could be found close to the Masaya caldera rim, the most proximal are those 209 located at 7 to 7.5 km distance, along the road from San Antonio Sur to El Crucero, where the 210 Layer C2 is a well-sorted fine lapilli layer of highly vesicular scoria containing <1 vol. % of 213 lithic fragments and reaching a maximum thickness of 5 cm. Towards >13 km to the NW of 214 Masaya caldera, C2 grades into a ~1 cm thick black ash layer. C2 is a useful marker bed due 215 to the fluidal morphology and high vesicularity of the glassy scoria. 216
At the most proximal exposures, C3 consists of several intercalated tuff and lapilli beds. (Figs. 4, 9) . These compositions are the least evolved of, and hence 251 distinct from, the compositions of the other mafic tephras produced by the Masaya system 252 (Fig. 4) . They also differ in composition and by their young age from the Las Sierras 253
Formation tephras. 254
The basaltic-andesitic compositions of the matrix glasses from both facies overlap completely 255 in both major and trace elements (Fig. 9a, b) ; their displacement from whole-rock 256 compositions largely reflects the abundance of plagioclase crystals in the latter. Moreover, the 257 basaltic to basaltic andesitic glass inclusions, mostly hosted in plagioclase phenocrysts, show 258 no compositional differences between the facies (Fig. 9c) . 259
Likewise, the minerals in the scoriae of both facies are compositionally identical (Fig. 9d) . followed by a more intense eruption emplacing the first lapilli fallout B1, which is interrupted 295 by a weak ash surge (B2) before a weaker column is re-established (fallout B3) that finally 296 collapsed when a wet surge (B4) was erupted. The distal fallout of B1 and B3 is combined in 297 layer C1. 298
Subunit III includes the two surge layers B6 and B8, which are separated by the lapilli fallout 299 B7. This tri-partite structure is preserved in a condensed fashion in the distal layer C3 in the 300
NW. 301
Subunit V combines the tuffs B10 and C5 and represents the deposit of a major, energetic wet 302 surge event. 303
Subunit VII is a surge deposit (B12) capped by a tuff rich in accretionary lapilli (B13) that 304 forms a single thick accretionary-lapilli-rich tuff (C7) distally in the NW, probably the deposit 305 of wind-driven ash clouds of the surges. 306
Subunit IX (B15, C9) has characteristics of an ash-rich surge that -in contrast to the earlier 307 surges-expanded more strongly to the NW and was weaker to the S. The deposit is 308 everywhere capped by an indurated thin fine-ash layer, the final wet fallout from the surge 309 cloud. 310
Desiccation cracks at the tops of subunits III, V and IX indicate significant breaks in the 311 eruptive activity and dry warm weather conditions as also supported by the absence of 312 erosion. The areal thickness distribution of the tuff subunits is controlled by topography, as 313
shown by the isopach maps of subunits V, VII and IX (Fig. 11) . However, the major 314 pyroclastic surges were not restricted to low flat areas but surmounted the Las Sierras hills 315 west of the Masaya caldera to produce significant deposits on their lee flanks. 
Dispersal characteristics 331 332
The isopach maps for the correlated fallout subunits I, III, IV, VI, and X all show a dispersion 333 towards the NW, in direction to Managua city (Fig. 11) . In detail, however, there are 334 differences in the isopach elongation and axis orientation between subunits, indicating 335 changing wind conditions. For example, the concentric circular pattern of subunit II isopachs 336
indicates calm conditions whereas a strong wind blowing toward the NW generated the 337 elongated isopachs of subunit IV. 338
All major fallout subunits show a gradual decay in thickness with distance, typical for 339 Plinian-type deposits (Fig. 12) . Minor variations in thickness decrease between the subunits 340 reflect variations in eruption intensity. Moreover, values of thickness half-distance (b t ) and 341 clast half-distance (b c ) for these deposits of 2.6-3.9 km and 6-18 km, respectively, are in the 342 ranges typical for Plinian eruptions (Pyle, 1989) . 343
The frequent interruption of the Plinian-type eruptions by phreatomagmatic, typically surge-344 producing events, suggests that external water affected all eruptive pulses but to variable 345 extent. Subunits II and IV are relatively lithic-poor, well-sorted, and contain a large fraction 346
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of highly vesicular scoria lapilli. We interpret these as mainly magmatic Plinian eruptions 347 (while noting that the presence of partially quenched lapilli indicates access of some water to 348 the conduit). On the other hand, subunits III, VI and X are moderately sorted (σ>1.5), more 349 lithic-rich and most of the scoriae are poorly vesicular; moreover, scoria lapilli in subunit III 350 are ash-coated and proximally intercalated with tuff layers. We interpret these eruptive events 351
as Phreatoplinian since they were clearly more strongly affected by magma-water interaction. 352
Fallout
Eruption column heights and wind speed 357 358
We use downwind and crosswind ranges obtained from isopleth maps of maximum juvenile 359 (MP) and lithic fragments (ML) of the fallout subunits II, III, IV, VI, VIII and X for 360 comparison with eruption-column modeling results of Carey and Sparks (1986) to estimate 361 eruption column heights and wind speeds (Fig. 13) . The resulting overall range in column 362 heights is 15 to 32 km. The best-constrained values suggest 22-24 km for subunit II, 22-28 km 363 for subunit III, 21-23 km for subunits IV and VI, and 26-32 km for subunit X. Magma mass 364 discharge rates can be estimated from eruption column heights by comparison with the model 365 results of Woods (1988) . Resulting discharge rates for the fallout subunits lie between 10 7 to 366 10 8 kg/s (Fig. 14) , with subunit X having the highest discharge close to 10 8 kg/s. 367 Estimated wind speeds are <2 m/s for subunit II in agreement with its concentric circular 368 isopach and isopleth patterns, around 10 m/s for subunits III, IV and VI, and ~20 m/s for the 369 topmost subunit X. These differences reflect changes in wind strength both with time and 370 with height in the atmosphere. The data in figure 13 suggest that the coarser material 371 emplaced within 5-10 km from vent never reached the stratosphere and that its dispersal was 372 controlled by tropospheric winds. Different tropospheric and stratospheric wind directions 373 and strengths caused bends in dispersal axes of some fallout deposits. The isopach pattern of 374 subunit III extends proximally westward before turning toward NW, and subunit VI 375 proximally extends to the S while the main fan is directed to the NW. On the other hand, the 376 distal fallouts from wind-driven surge clouds all extend to the NW; this may suggest that 377 near-surface wind directions were more constant than those in the higher troposphere. The subunit tephra volumes range from 0.02 to 0.22 km 3 (Table 3) thick, the one in core SO173/3-18 4 cm (Fig. 15) . These data imply a much flatter thickness 402 decay distally than on land (see inset in Fig. 12 ) and hence yield a significantly increased 403 tephra volume of the MTL of 3.4 km 3 (~1.8 km 3 DRE, after Kutterolf et al., 2008b). The 404 additional distal volume must be attributed to the major fallout events because the intercalated 405 tuffs from phreatomagmatic pulses do not reach that far. 406
The land isopachs show a major dispersion axis towards the northwest, whereas the distal 407 isopachs suggest transport to the west, reflecting wind directions changing with height. This 408 decoupling in transport direction has been reported for several eruptions around the world 409 water access generating phreatomagmatic explosions were followed by breaks in eruptive 476 activity (desiccation cracks at the top of tuff layers), perhaps due to exhaustion of the water 477 reservoir and the necessity for the magma system to build up pressure for the next eruption. 478 Therefore, the MTL Plinian eruption was not only unsteady but multi-episodic, lasting for 479 weeks or months with intervening extended periods of inactivity. This is a critical issue for 480 hazard assessments, because major break during an eruption may be mistaken for the end of 481 M A N U S C R I P T 
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B12
Two indurated tuff beds, the lowermost of lapilli and coarse-ash with cross-bedding and dune structures containing plant molds, the upper one is finergrained (ash) with low-angle cross-bedding. Contains armored lapilli with lava and scoria cores. VII B13 Grayish accretionary lapilli-rich fine tuff containing dispersed scoria lapilli.
VIII B14
Lapilli to coarse ash, faint crossbedding 
